Twenty lead-exposed men were selected on the basis of a maximum level of lead in the blood of 70-140 ,tg/l00 ml within the past year. There was no clinical evidence of neuropathy attributable to lead and haemoglobin levels were normal. In individuals, maximum motor and sensory conduction and the amplitude of the evoked potentials were normal or borderline in the median, peroneal and sural nerves, except in the distal portion of the deep peroneal nerve. In this nerve, motor conduction was slowed because of compression by metal-lined safety shoes; changes in this segment are not included in the findings. When the average conduction velocity in lead-exposed men was compared with the average in nerves of controls matched for age, distal motor latency was slightly prolonged in the median nerve. The average latency for proximal muscle supplied by the peroneal nerve was prolonged, and the maximum motor conduction velocity was slowed in the median nerve from elbow to wrist (0 01 > p < 0-001). In addition, the average maximum sensory conduction was slightly slowed along the distal and intermediate portions of the median nerve and the intermediate portion of the superficial peroneal and sural nerves (p < 0-001). The average minimum sensory conduction velocities were normal, as were the average amplitudes of the evoked muscle action potentials and the average ratio of amplitude of the muscle action potential evoked by stimuli at a proximal and a distal nerve site. The average amplitude of the sensory potentials recorded in the median and the superficial peroneal nerves tended to be increased. Electromyography of the abductor pollicis brevis and anterior tibial muscles showed that the only abnormality was an increased incidence of polyphasic potentials in the anterior tibial muscle of seven men. Neither the slowing in conduction nor the histological findings in the sural nerves of eight men were related to the level of lead in the blood. The slight slowing in conduction suggests a minor defect in the excitable membrane of the nerve fibre: it was not attributable to histological abnormalities in the sural nerve, in which the number of myelinated and unmyelinated nerve fibres was normal and demyelination was absent. In teased fibres, those with paranodal remyelination were slightly increased, and few fibres had segments with diminished diameter. The mechanism of the defect causing the slight slowing in conduction in lead-exposed men seems to differ from the lesion in patients with clinical evidence of lead neuropathy, which is axonal in type. It is, therefore, doubtful whether the slight slowing in the nerves of the group of lead-exposed men should be classified as a subclinical neuropathy.
a slight reduction in maximum motor conduction velocity along the median and the ulnar nerves by 4 and 3 m/s respectively (Seppalainen and Hernberg, 1972; Seppalainen et al., 1975) , and along the motor fibres of the tibial nerve (Araki and Homma, 1976) . The latter authors found that the degree of conduction retardation depended on the concentration of lead in the blood.
Our study was motivated by the fact that one group of workers found normal maximum conduction velocity at blood levels exceeding 80 ,ug/100 ml (Catton et al., 1970) , while others found slight slowing when maximum blood levels were 50-70 ,ug/100 ml (Seppalainen et al., 1975; Araki and Homma, 1976) . We have examined 20 lead-exposed subjects with maximum levels of 50-144 ,ug/100 ml blood. Because the slowing in conduction found previously was slight, and was significant only when the subjects were taken as a group, we determined motor and sensory conduction velocities and motor latencies for, in all, 12 different nerves or portions of the same nerve. Moreover, as histological examination of nerve is a more sensitive indicator of neuropathy than nerve conduction (Behse and Buchthal, 1978) , biopsies were obtained from the sural nerve of eight subjects. Electrophysiological and histological findings were compared with those in controls and in a patient with clinical evidence of lead neuropathy.
Material and methods SUBJECTS Twenty men employed in a lead smelting and refining factory for four months to 33 years volunteered to take part. Seventeen of the 20 had more than one year's exposure to lead. The mean age was 34 years ranging from 23 to 60 yr. All but one subject had been found to have a blood lead level exceeding 70 ,tg/100 ml during the previous year.
None of the men were anaemic or were suffering from any disease predisposing to peripheral neuropathy. Heavy drinkers were excluded from the study. However, two men with signs of clinical neuropathy, who were employed in the same factory, were included. METHODS 
Neurological examination
Muscle force was tested by the same experienced physiotherapist. Perception of light touch and of pin-prick was tested by one stimulus and by two simultaneous stimuli (Bender, 1952 (Bender, , 1970 . Vibratory sense was quantified by measuring the length of time during which a vibrating tuning fork was perceived, and position sense was also tested.
Electromyography
Electromyography was carried out on the anterior tibial and abductor pollicis brevis muscles, and in two patients with diminished force in one to three additional muscles. The findings were quantified as described by Buchthal (1957) and compared with findings in normal subjects .
Nerve conduction
Maximum motor conduction velocity and motor latency were determined along four portions of the peroneal and two portions of the median nerve (Fig.  1 ). The muscle action potentials were recorded by a non-insulated steel wire, 80 ,um in diameter, inserted for a length of 5-10 mm in the end-plate zone of the muscle (Wagner and Buchthal, 1972) . To eliminate the large scatter in absolute amplitude of the muscle action potentials, the amplitude following stimulation of the nerve at the head of the fibulae was expressed as a percentage of that following stimulation at the ankle, and the amplitude recorded at the elbow was expressed as a percentage of that following stimulation at the wrist (Catton et al., 1970) .
Maximum sensory conduction velocity was determined along the sural and superficial peroneal nerves and along four portions of the median nerve (Fig. 1 ). The sensory potentials were led off through needle electrodes and recorded at a surface temperature of 35-36°C. The minimum sensory conduction velocity, determined from the latency of the initial positive peak of the slowest component, was recorded by electronic averaging of 250 and 500 responses (Buchthal and Rosenfalck, 1966, 1971; Dahl and Buchthal, 1978) .
Statistical evaluation
The findings in lead-exposed men were compared with those in a large series of controls matched for age (Behse and Buchthal, 1971; Rosenfalck and Rosenfalck, 1975) . Motor and sensory conduction velocities seemed to be normally distributed. The distribution of the amplitudes of the evoked potentials was skew and a Gaussian function could not properly be used. Instead, the logarithm of amplitude was used; this was distributed symmetrically and was assumed to be normal. The regressions of conduction velocities and amplitudes as a function of age were calculated by the method of least squares. The equations of the regressions and the variation about the regression lines are given in Buchthal et al., 1975 and . To evaluate the statistical significance, the difference was taken between the value observed in the lead-exposed men and that obtained from the regressions of the Fig. 1 Sensory and motor conduction in the different nerves of each lead-exposed man. Each vertical line connects findings in one man. The maximum conduction velocity is given as a percentage of the normal average matched for age; motor latencies are corrected to a standard distance and given as reciprocal latencies. The figures below each vertical line indicate the maximum level of lead in the blood monitored within the past year. The value in the patient with lead neuropathy, indicated by > 150, was extrapolated from urinary lead and coproporphyrin. Below, right: * excluded because of multiple joint swellings; ** excluded because of chronic alcoholism. ( ) data from the median nerve in the patient with the carpal tunnel syndrome. The full horizontal line represents the lower 95 % confidence limit for motor conduction and the dashed line for sensory conduction. Motor nerves: median, elbowwrist (+), wrist-m. abductor pollicis brevis (U); peroneal, capitulum fibulae-ankle (0); capitulum fibulae m. tibialis anterior and m. peroneus longus (V); ankle-m. extensor digitorum brevis (A). Sensory nerves: median, wrist-elbow (stimuli to digit I and digit I1I) (O), digit and digit III-wrist (D); superficial peroneal nerve, retinaculum superior-capitulum fibulae (0); sural nerve, lateral malleolus-midcalf (X). variates on age in controls. A t-test was used to assess the null hypothesis, i.e. that there is no difference between the means of conduction velocities and amplitudes in lead-exposed men and in controls matched for age. Two-sided significance limits were used to compare the probabilities.
Nerve biopsy Thirty mm of the sural nerve were removed in toto just proximal to the lateral malleolus in eight leadexposed men and in two patients with neuropathy. The preparation of the specimen for light and electron microscopy and the teasing of 10 mm of each of 50 fibres have been described elsewhere (Behse et al., 1972 (Behse et al., , 1974 Behse and Buchthal, 1977) . Findings on light microscopy were compared with those in 10 nerves from controls (18-59 years old); findings on electron microscopy were compared with six nerves from controls (18-47 years old), and findings in teased fibres were compared with those of seven nerves from controls (15-54 years old).
Determination oflead in the blood Blood (2-5 ml) was obtained by venous puncture with lead-free needles in sampling tubes that contained less than 0 1 ,ug lead. The tubes were prepared with a lead-free anticoagulant (heparin or EDTA).
The blood levels of lead were monitored every 2-3 months. In the first eight lead-exposed men of the series the lead levels in the blood were determined by the following three laboratories (for an evaluation of different methods see Pierce et al., 1976) : (i) Medi-Lab. Inc, Copenhagen, Denmark used a 'carbon furnace atomic absorption' method (Fernandez, 1975) , a Perkin-Elmer atomic absorption photometer, model 400, and a Perkin-Elmer graphite furnace model HGA 74. The standard deviation in duplicate determinations, determined on 140 samples, was 1 8 ,tg/100 ml (variation coefficient 4-4%) (P. Persson, personal communication); (ii) Environmental Sciences Associates Inc, Bedford, Massachusetts, USA used anodic stripping voltammetry (Matson et al., 1965; US Department of Health, Education and Welfare, 1977) . In the range of concentrations examined in this study, duplicate determinations had a standard deviation of 2-9 ,tg/ 100 ml (17 samples) (variation coefficient 4-3 %) (R. M. Griffin, personal communication); (iii) National Occupational Hygiene Service Limited, Manchester, England used a modified punched disc technique (Cernik and Sayers, 1971; Cernik, 1974) , the modifications being that Whatman 41 papers and a high-speed recorder were used. An example of a typical standard deviation in the range of concentrations of 20-80 ,tg/100 ml (50 triplicate samples) was 1-80 ,ug/ml. The variance within samples (longterm repeatability) was 2-8 ,ug/l00 ml (E. King, personal communication).
As the lead content in the blood of the 24 samples showed satisfactory agreement within the variability of lead determinations, the blood levels of the subsequent fourteen lead-exposed men were determined either by Medi-Lab. or 
Results

NEUROLOGICAL FINDINGS
None of the 20 lead-exposed men had a history of previous neurological disease or complained of any of the effects attributable to chronic exposure to large amounts of lead, such as fatigue, loss of appetite, headache, tremor, loss of memory or constipation. There was no weakness and no wasting in the muscles of the extremities, and flexion and extension of the neck were performed with normal force. Discrete neurological abnormalities were found in seven men but can hardly be considered evidence of neuropathy; they were neither related to the level of lead in the blood nor to a history of colic, present in four men. One of these men had a high level of lead (144 Hg/100 ml) at the time of the colic. The concentration of haemoglobin in the blood was normal except in the patient with lead neuropathy, in whom it was diminished.
ELECTROMYOGRAPHY
Abnormalities were few and unimportant diagnostically. There was an increased incidence of polyphasic potentials in the abductor pollicis brevis muscle in one man and in the anterior tibial muscle in seven of 20 men; this increased incidence was associated with a prolonged distal latency in four of these men. There were no fibrillation potentials or positive sharp waves in any of the 39 muscles examined. The potential duration of 30 motor unit potentials sampled in each muscle was normal, as were the pattern and amplitude during full effort.
NERVE CONDUCTION
Findings in the individual lead-exposed man With the exception of distal motor latency in the deep peroneal nerve, motor and sensory conduction and the amplitude of the evoked muscle action potentials and of the sensory potentials were normal or borderline ( Fig. 1) . The distal motor latency in the peroneal nerve was prolonged in eight of 20 men (at most 31%); the maximum motor conduction velocity along the proximal segment, from capitulum fibulae to ankle, was normal in all. The ratio of the amplitudes of the muscle action potentials was diminished in three men when the median nerve was stimulated and in four men when the deep peroneal nerve was stimulated (<85%). Findings in the median nerve were excluded in one man because he had evidence of a carpal tunnel syndrome, comprising slowed distal motor and sensory conduction, normal proximal sensory conduction along the median nerve and normal rObtained from the regressions of nerve condtuction as a function of age. tNS: not significant. Corrected to a standard distance tof 6*5 cm, :Iof 90 cm and ¶of 10-0 cm (Wagner and Buchthal, 1972) . In none of the nerves examined was the incidence of borderline abnormalities or the value of conduction or amplitude of the evoked potential related to the maximum level or to the average level of lead in the blood, to the level at the time of the electrophysiological study, or to the duration of exposure to lead.
Findings in the group of lead-exposed men Nerve conduction and amplitude of evoked potentials in motor and sensory nerves are summarised in Tables 1 and 2. The average motor latencies were longer and the average maximum motor conduction velocities slower in lead-exposed men than in controls. An exception was the normal conduction velocity along the deep peroneal nerve. The marked prolongation of the distal motor latency in half the peroneal nerves was probably caused by local compression of that nerve by safety shoes. The average ratio of the amplitudes of the muscle action potentials evoked by stimulation at a proximal and a distal site was the same in lead-exposed men as in controls.
Average maximum sensory conduction velocity was reduced in the segments examined of the median, peroneal and sural nerves. Despite this reduction, the average amplitude of the sensory potentials was, or tended to be, higher in lead-exposed men than in controls. The increase in amplitude of the pooled nerves, tested by the 'omnibus test' (Fisher. 1944) , was highly significant, suggesting that the increase in amplitude was a general property of the nerves of the lead-exposed men.
In none of the motor or sensory nerves did the conduction velocity or the amplitude of responses differ when average values were compared in 10 men with a maximal concentration of lead in the blood of less than 85 ,ug/100 ml and in 10 men with more than 85 ,ug/100 ml, corresponding to average blood levels of lead of less or more than 70 ,ug/lO0 ml.
TWO PATIENTS WITH SIGNS AND SYMPTOMS OF NEUROPATHY Patient A
A 58-year-old man exposed to lead since the age of 45 years was the only patient who had clinical evidence of lead neuropathy. When 46 years old he complained of lassitude, colic and constipation. The blood count showed 12900 red cells per million with basophilic stippling, haemoglobin was 7 2 mmol/litre (7'9 mmol/litre is the lower limit of normal in males).
The urine contained 185 ,ug lead/litre. In the next decade blood and urine were examined repeatedly, and gradually gave normal results.
At the age of 57 years, after working for seven months at a smelting furnace, he again complained of headache, nausea, vomiting, colic and constipation; the haemoglobin was 7-4 mmol/litre; the blood count showed 9200 red cells per million with basophilic stippling; the urine contained 200 ,ug lead/litre, 400-800 ,ug coproporphyrin/litre and 9 mg &-aminolevulinic acid/litre. The urinary measurements and the amount of basophilic stippling indicate that blood levels of lead were probably excessive (Lane et al., 1968) .
Neurological examination showed that tendon jerks were absent in the arms and legs; the mandibular reflex was normal. There was weakness in facial muscles and in muscles of the arms and legs, the force of elbow and neck flexion being half that of the normal average. Tactile sensibility and the perception of vibration and posture were normal.
Electromyography performed in the extensor digitorum communis and abductor pollicis brevis muscles showed fibrillation potentials at three sites, a reduced recruitment pattern, an increased incidence of polyphasic potentials and normal mean duration and amplitude of motor unit potentials. In the brachial biceps the only abnormality was a reduced recruitment pattern.
Motor and sensory conduction along distal and proximal segments of the radial and median nerves was normal, but the amplitude of the sensory potentials was markedly diminished. The maximal conduction velocity along the sural nerve was normal, but the amplitude of the sensory potential was diminished to 10% of normal ( Fig. 2a ). Neurological findings at 62 years of age were the same as at 57 years.
Biopsy of the sural nerve showed marked loss of large fibres ( > 7 ,m in diameter, Fig. 2b) ; the endoneurial area, the number of clusters of regenerating fibres and abnormalities among teased fibres were within the normal range; there was no demyelination (Fig. 2c) .
The history of chronic exposure to lead, the increased lead excretion in the urine, the fall in haemoglobin concentration in the blood, and the repeated episodes of gastrointestinal symptoms common in chronic lead poisoning, make it likely that the neuropathy in Patient A was caused by lead poisoning. The reduced number of myelinated nerve fibres, the absence of demyelination, the marked decrease in the amplitude of the sensory potentials and the normal maximum and minimum conduction velocity indicate that the neuropathy was characterised by loss of axonal nerve fibres.
Patient B
This 47-year-old patient is included because, as he had been exposed to lead, his neuropathy was mis- group.bmj.com on May 3, 2016 -Published by http://oem.bmj.com/ Downloaded from takenly diagnosed as being attributable to lead. In fact, he had a familial neuropathy with liability to pressure palsies (Behse et al., 1972) . Six months after exposure to lead he had peroneal palsy, which improved, and four months later he suffered rightsided radial paralysis, which was unremitting. He had neither colic nor constipation. While he was exposed, determinations of lead in the blood were not available. The blood count was 4800 red cells per million with basophilic stippling and the haemoglobin concentration was normal. One year after exposure to lead the blood contained 33 ,tg lead/100 ml; the haemoglobin concentration was normal. Repeated interrogation elicited the information that both his father and his brother had a history of pressure palsy of the arm lasting for 3-4 months.
Neurological examination showed a markedly diminished force in some proximal and distal muscles of the upper extremities, less so in the legs with the exception of the extensor hallucis longus muscle which was severely paretic. Tendon jerks were absent in the arms, kneejerks were normal and ankle jerks were absent. Tactile sensibility was reduced in the area of the radial and the deep and superficial peroneal nerves. Perception of vibration was normal in the upper limbs and absent in the feet.
Electromyography in the left extensor digitorum communis, the left abductor pollicis brevis and the left abductor digiti quinti muscles showed fibrillation potentials at three sites, a reduced recruitment pattern, an increased incidence of polyphasic potentials (20%), a normal mean duration and an increased amplitude of motor unit potentials. In the left anterior tibial muscle there was a discrete pattern of discharge during full effort, fibrillation potentials at three sites, 25 % polyphasic potentials, 26% increased duration of motor unit potentials and 160% increased amplitude.
The maximum conduction velocity was slowed by 40% along motor and sensory fibres of the left peroneal and median nerves and along the fibres of the sural nerve (Fig. 3 (inset) ). The slowing along the peroneal nerve was most marked across the capitulum fibulae consistent with a compression of the nerve at this site, also suggested by a pressure mark on the skin. Biopsy ofthe sural nerve showed a reduced number of large myelinated fibres (Fig. 3a, b ). Every teased fibre contained segments with regions of increased thickness of the myelin sheath ('sausages', Fig.   3c ). Electron microscopy confirmed the excessive growth of the myelin sheath in these regions. In addition, every teased fibre showed evidence of deor The endoneurial area was slightly increased in one nerve, but the number of large and small myelinated fibres was within the range of nerves from controls. In two nerves with a partial biopsy (caused by branching distal to the site of the biopsy) the number/ mm2 was normal. The distribution of fibre size was bimodal, as in normal nerve. Regeneration (clusters) exceeding that in nerves from controls was present in one nerve.
Teasedfibres
Paranodal and segmental demyelination were absent also in the nerve from the patient with lead neuropathy (Patient A). In seven nerves the incidence of solitary intercalated segments was slightly in excess of that in controls and one of these nerves had an increased incidence of fibres with segmental remyelination at multiple sites (Fig. 4 ). In addition, six nerves contained fibres with multiple internodes of normal length but inappropriately small diameter ( Fig. 5 ), as described in diabetic neuropathy by Thomas and Lascelles (1966) . The pale staining of these segments suggested that the myelin sheath was thinner than that of normal segments, at variance with the interpretation of electron micrographs by Prineas and McLeod (1976) and Wisniewski et al. (1969) . This abnormality occurred in 2-12% of the teased fibres and was not seen in the nerves from controls. The occurrence of this abnormality was not related to thfe blood level of lead; the highest incidence was seen in the patient with the lowest blood level. The slightly increased incidence of remyelinated segments (in most, paranodal remyelination). There were only few fibres with these abnormalities in the nerve from the patient with lead neuropathy (Fig. 4 , solid circles and Fig. 2 ).
Electron microscopy
The area analysed in each nerve was 15 x 103 ,iM2, sampled from three fascicles. The structure of the myelin sheath was normal. In two of the leadexposed men the nerve contained 302 and 408 bands of Bungner compared with, at most, 263 in nerves from controls.
The only abnormality among unmyelinated fibres was an increased incidence of fibres undergoing degeneration (Table 3) . These fibres were characterised by loss of axonal organelles and sometimes by an increase in size (Dyck and Hopkins, 1972; Thomas, 1973; Behse et al., 1975) . In the three nerves examined from lead-exposed men, this abnormality occurred in 2-5-2-9y% of the unmyelinated fibres, compared with at most 0-5% of five out of six nerves from controls and 1 8 % in the sixth nerve. The number of unmyelinated fibres, their size distribution, the number of Schwann cell subunits devoid of unmyelinated fibres and the ratio of unmyelinated fibres per Schwann cell subunit were within the range found in controls.
SENSORY CONDUCTION VELOCITY AND DIAMETER OF THE LARGEST FIBRES
The conduction velocity varies proportionately with the diameter of the nerve fibre (Gasser and Erlanger, 1927) and the maximum conduction velocity can be calculated from the diameter of the largest fibres (conversion factor 4-3 ± 0 1, Buchthal et al., 1975) . The conduction velocities along the nerves of six lead-exposed men, and along the nerve of the patient with lead neuropathy, group about a line with slope 1, indicating that the velocity calculated from the diameter of the largest fibres was equal to that determined from the sensory potential (Fig. 6 ). In the nerves of two lead-exposed men the velocity determined from the sensory potential was slightly lower than the velocity to be expected from the largest diameter, but the deviation was less than 20%., the scatter in normal nerve. These findings indicate that the maximum conduction velocity, whether normal or borderline, was determined by the diameter of the largest fibres. This applied also to the nerve from the patient with lead neuropathy and is compatible with the absence of demyelination in teased fibres.
Discussion
The main result of the present study of a group of lead-exposed men, with a maximum level of lead in ig. 5 Biopsy of the sural nerve from a man with a maximum level of lead in the blood of 50 pg/O00 ml. Three teased, continuous nerve fibres, each containing segments with normal length but inappropriately small diameter. In the case offibres A and B, portions of a segment of normal and of small diameter are shown at higher magnification (a, b); in the case offibre C the more highly magnified portion (c) contains both normal (left) and small diameter (right). The perpendicular arrows mark Ranvier nodes. The magnification is indicated by the scale at the bottom: it is mm for A, B and C and 0o3 mm for a, b and c.
the blood of 70-140 jug/100 ml, was a slight slowing in motor and sensory conduction velocity in some nerves of the upper and lower extremities in the absence of relevant histological abnormalities in the sural nerve. The slight slowing in conduction velocity and the slight abnormalities found in teased fibres of some of the sural nerves are without clinical significance, and without relevance to the health and well-being of the lead workers. Our findings deviate in several respects from those in previous studies, which were considered to indicate subclinical neuropathy. Although blood levels of our subjects were similar to those measured by Catton et al (1970) , we rarely found the reduction in the ratio of the amplitude of the motor response evoked by stimulation of the peroneal nerve at the I- Fig. 6 Maximum conduction velocity along the sural nerve, determined from the sensory potential as a function of the velocity predicted from the diameter of the largest myelinated fibres. Lead-exposed men (0) and patient with lead neuropathy (0). Velocities were grouped about the solid line with slope 1, intercept 0, or were within 20 % of the expected velocity (dashed line, scatter in normal nerves). knee and at the ankle that was present in 13 of 19 subjects studied by those authors. On the other hand, they, like us, found normal maximum motor and sensory conduction velocity along the peroneal nerve.
Unlike the finding of Araki and Homma (1976) , the maximum conduction velocity in our subjects was not related to the maximum or to the average level of lead in the blood.
In a group of 26 lead-exposed subjects examined by Seppalainen et al. (1975) slowing was confined to motor fibres of the ulnar and median nerve. The velocity along the sensory nerves of the arms and the legs was normal, whereas it, too, was slightly slow in the group of men we studied. We did not measure conduction along the ulnar nerve because this nerve so often suffers damage at the elbow (Payan, 1969; Neary et al., 1975) , which may manifest itself only as slight slowing in conduction distal to the elbow. Seppalainen et al. (1975) place particular emphasis on the slowing along 'slower fibres', determined from the minimum time required to prevent impulse collision by two stimuli (Hopf, 1962) . The validity of this method is debatable; the results in normal nerve suggest that no fibres are more than 15-20% slower than the fastest fibres, whereas the range of velocities found by another collision technique in man (Thomas et al., 1959) and in the baboon (Gilliatt et al., 1976 ) was twice as large.
Electromyographical findings also differed from those reported by Seppailainen et al. (1975) . They found abnormalities in nine of 11 subjects examined, five of whom had fibrillation potentials. None of the 40 muscles examined in our subjects showed fibrillation potentials or loss of motor units during full effort. Abnormalities, when present, were discrete and confined to the anterior tibial muscle; diagnostic importance cannot be attached to them. On the other hand, marked electromyographic abnormalities were present in most of 10 patients with clinical evidence of lead neuropathy reported by Hausmanowa-Petrusewicz et al. (1962 , 1967 and in the patient whom we examined.
The only relevant abnormality that could be demonstrated in eight of 20 subjects was the prolonged latency from the ankle to the extensor digitorum brevis muscle, probably caused by local compression of the deep peroneal nerve at the dorsum pedis by metal-lined safety shoes. The shoes were worn by all men during work and often at home; the shoe weighed 700 g, nearly twice as much as an ordinary wooden shoe. It caused sustained pressure marks on the dorsum of the feet and on the big toes in subjects with prolonged distal latency and in 19 of 50 other subjects whose feet were examined but in whom distal motor latency was not determined.
The electrophysiological and the histological changes in lead-exposed men were different in type from those in patients with clinical evidence of lead neuropathy (Simpson et al., 1964; Delwaide and Chantraine, 1965; Buchthal et al., 1975) and in experimental lead poisoning in baboons (blood levels 100-1000 ,ug/100 ml) followed for up to one year (Hopkins, 1970) . In lead neuropathy the histological changes indicated axonal degeneration, resulting in a reduction in conduction velocity that corresponded to the loss of large fibres, and in an extremely diminished amplitude of the sensory potentials. Loss of large fibres was also the main pathological feature in previous case reports of lead neuropathy (Gombault, 1873; Dejerine, 1879; Laslett and Warrington, 1898; Hopkins, 1970; Goldstein et al., 1975) . Segmental demyelination produced by chronic lead poisoning in guinea pigs (Gombault, 1880-81; Fullerton, 1966) was virtually absent in our patient with lead neuropathy, in the lead-poisoned baboons and in the eight lead-exposed men with raised blood lead levels from whom a nerve biopsy was obtained (maximum blood lead levels 50-90 ,tg/100 ml).
The slight slowing in conduction velocity along some of the nerves of the lead-exposed men was associated neither with loss of large myelinated fibres nor with a diminution in amplitude of the sensory or motor evoked potentials. On the contrary, the average amplitude of the sensory potentials was even increased in some nerves. The cause of the increase in amplitude is obscure; it is unexpected because the greater temporal dispersion attributable to slowing usually leads to a diminished amplitude. However, the amplitude of the terminal positive phase of the component potentials is an essential variable in the summation to the compound potential. If the terminal positive phase is diminished, the peak-to-peak amplitude increases (Buchthal and Rosenfalck, 1966) .
In addition, the abnormalities in teased fibres were minor. The slight increase in fibres with paranodal remyelination was more marked in the lead-exposed men than in the patient with lead neuropathy. Some teased fibres had several long internodes with inappropriately small diameter. They occurred more frequently in the lead-exposed men than in the nerve of the patient with lead neuropathy. Whether these thin internodes reflect the onset of primary demyelination (Prineas and McLeod, 1976) or mark the onset of axonal damage (Dyck et al., 1971 ) is not known.
As there was neither axonal degeneration nor changes in the myelin sheath to account for the slowing, it was considered to be attributable to a slight change in the properties of the nodal membrane that prolonged the time during which the transmembrane potential increased (Behse and Buchthal, 1978) .
There was no dose-effect relationship in the incidence of histological abnormalities or in the incidence and degree of electrophysiological abnormalities. The slowing in conduction was independent of the maximal blood lead level, which varied from 50 to 140 ,ug/100 ml in the different subjects. This is at variance with the assumption of the Second International Workshop on Permissible Levels for Occupational Exposure to Inorganic Lead (Zielhuis, 1977) . The slowing was also independent of the average blood lead level and of time of exposure to lead, which varied from few months to 33 years Thus, the mechanism of the lesion that caused the electrophysiological changes in the lead-exposed men seemed to have major differences from that in lead neuropathy and it is doubtful whether the slight slowing in conduction should be considered to constitute subclinical neuropathy.
